We developed and evaluated a PCR procedure to detect pork in heated and unheated meat, sausages, canned food, cured products, and pâ tés using a faster, more specific, and more sensitive method than others previously described. Isolation of a new DNAspecific porcine repetitive element was performed by nonspecific PCR amplification. After analyzing this repetitive sequence, a pair of primers were synthesized. To confirm the effectiveness and specificity of this fragment, 55 pig blood DNA samples (from differents breeds) were tested and positive results were obtained. With 200 samples tested from other species, the specific pork amplification was not detected. Using this method, we can partially quantify degree of contamination, depending on the PCR amplification cycles, detecting up to 0.005% pork in beef and 1% pork in duck pâ té using
Introduction
There has been a tremendous growth in quality product consumption and a change in attitudes in this respect. Nowadays, consumers demand quality products that are well-labeled. However, fraudulent or uninintentional mislabeling still exits and may not be detected, resulting in a poor-quality product. Some population groups, such as vegetarians on those of Jewish and Arabic descent, do not desire to eat pork. This population demands methods to detect pork in food.
Numerous analytical methods that rely on protein analysis have been developed for pork identification 1 Research supported by project UZ210-47. 2 The authors thank M. Jaime for the revision of the English version. 
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30 and 20 PCR amplification cycles, respectively. The amount of porcine DNA detected in cattle DNA was 1.25 and 250 pg when using 30 and 20 amplification cycles, respectively. Pork has been identified in both heated and unheated meat products, sausages, canned food, hamburgers, and pâ tés.
In conclusion, specific PCR amplification of a repetitive DNA element seems to be a powerful technique for the identification of pork in processed and unprocessed food, because of its simplicity, specificity, and sensitivity (with 30 amplification cycles we can detect 0.005% pork). Furthermore, it is a very fast method, because 1% pork contamination can be detected with 20 PCR cycles. The procedure is also much cheaper than other methods based on RFLP-PCR, immunodiffusion, or other techniques that need expensive equipment. such as electrophoresis techniques (Kim and Shelef, 1986; Skarpeid et al., 1998) , liquid chromatograpy (Ashoor et al., 1998) , and immunoassays (Jones and Patterson, 1985; Hsieh et al., 1998) . However, proteins lose their biological activity after an animal's death, and their presence and characteristics depend on cell types. Furthermore, most of them are heat-labile. Thus, for species identification, a DNA, rather than protein, analysis would be preferable.
The dot-blot technique was the first genetic approach for determination of species identity (Ebbehoj and Thomsen, 1991; Wintero et al., 1991) . At present, however, polymerase chain reaction (PCR) is the technique of choice for species identification (Céspedes et al., 1999) . Some PCR approaches are RAPD-PCR (random amplified polymorphic DNA fingerprints (RAPD)-PCR) (Lee and Chang, 1994) , DNA mithochondrial D-loop analysis (Murray et al., 1995) , and RFLP analysis of different PCR fragments (Meyer et al., 1995; Ram et al., 1996; Matssunaga et al., 1999) . In this work we have focused on obtaining a new and more sensitive DNA probe to detect porcine DNA in different processed and unprocessed food samples. A method for pork iden-tification is presented on the basis of PCR amplification of species-specific DNA fragments.
Materials and Methods
Probe Isolation. A 171-bp DNA fragment was isolated (GenBank accession no. AF235051) using non-specific primers in order to obtain a nonspecific amplification. Genomic DNA for the nonspecific amplification was extracted from blood of a Large White pig. After running the PCR reaction products in an agarose TBE (0.045 M Tris-borate, 0.001 M EDTA, pH 8.0) gel, the most intensive band was selected. The fragment was then cloned (pMOSblue, Amersham Pharmacia Biotech UK Limited, Amersham Place, Buckinghamshire, U.K.) and sequenced (Sanger et al., 1977) . The resulting sequence was analyzed in data bases (Genbank and EMBL).
Sample Selection and DNA Extraction. In order to test the specificity of the technique, 250 unrelated blood samples from several species and breeds of pigs were analyzed (Table 1) . Genomic DNA was extracted according to a previously described procedure (Lahiri et al., 1992) .
Meat samples were taken with a pair of scissors. Samples containing 0, 0.001, 0.005, 0.01, 0.1, 1, 2, 5, 10, 25, 50, 75, or 100% pork in beef were taken, each with a total weight of 0.5 g. Meat samples were heated at 50, 80, or 120°C using a holding period of 30 min. Raw samples were also analyzed. In the same way, pork and duck pâ té mixtures were made containing 0, 0.001, 0.005, 0.01, 0.1, 1, 2, 5, 10, 25, 50, 75, or 100% pork each, weighing 0.5 g.
Other food products and raw meat from other species were also analyzed to verify whether they contained porcine DNA (Table 2 ). The analyzed pork products were bought in a store in order to verify the pork content. Canned pâ tés were labeled as sterilized products. Genomic DNA was extracted according to a previously described procedure (Sambrook et al., 1989) . 
Hamburger Pork, pork and beef (n = 2 each) + + + Pork and chicken (n = 2 each) 
PCR Amplification of a Specific Fragment of Porcine
DNA. The set of primers used for PCR-specific pig amplification was chosen from the 171-bp fragment isolated. The primers were designed as follows: 5′-GGATC-CGGCATTGCCGTTAG-3′ (forward primer) and 5′-GTCTTTTTTTGCCATTTCTTGG-3′ (reverse primer). Double-stranded amplifications were carried out in a final volume of 25 L, containing 10 mM Tris-HCl, pH 8.8, 1.5 mM MgCl 2 , 50 mM KCl, 0.1% triton X-100, 0.2 mM each of dATP, dTTP, dGTP, and dCTP, 20 pmol of each primer, 20 ng of template DNA, and 2 U of Taq polymerase (Promega Corp., Madison, WI). The DNA was amplified in a Biometra Thermal cycler (Biometra Ltd., Kent, U.K.). Thirty cycles were performed with the following step-cycle profile: strand denaturation at 94°C for 30 s, primer annealing at 50°C for 30 s, and primer extension at 72°C for 30 s. The last extension step was 5 min longer. An initial denaturation at 94°C for 4 min was performed to improve the final result. Electrophoresis of a 10-L portion of the amplification was carried out for 45 min at 100 V in a 2% agarose gel containing ethidium bromide (1 g/mL) in TBE buffer. The DNA fragments were visualized by UV transillumination.
Sensitivity. Mixtures of porcine DNA and bovine DNA were made to detect the minimun quantity of DNA. Samples containing 0, 0.001, 0.005, 0.01, 0.1, 1, 2, 5, 10, 25, 50, 75, or 100% porcine DNA in bovine DNA were taken. Furthermore, mixtures of pork and beef and pork and duck pâ té were analyzed, extracting the DNA from the mixture. For this purpose, PCR in a final volume of 25 L was carried out, containing 10 mM Tris-HCl, pH 8.8, 1.5 mM MgCl 2 , 50 mM KCl, 0.1% triton X-100, 0.2 mM each of dATP, dTTP, dGTP, and dCTP, 20 pmol of each primer, 25 ng of template DNA, and 2 U of Taq polymerase. The same forward and reverse primers were used. The DNA was amplified in a Biometra Thermal cycler. Three experiments were performed with 30, 25, or 20 cycles with the following step-cycle profile: strand denaturation at 94°C for 30 s, primer annealing at 50°C for 30 s, and primer extension at 72°C for 30 s. The last extension step was 5 min longer. An initial denaturation at 94°C for 4 min was performed to improve the final result. Electrophoresis of a 10-L portion of the amplification was carried out for 45 min at 100 V in a 2% agarose gel containing ethidium bromide (1 g/mL) in TBE buffer. The DNA fragments were visualized by UV transillumination.
Results and Discussion
Our initial hypothesis was that the most intensive band isolated by a nonspecific PCR was an element that is spread and highly repeated in the genome. After sequencing, the obtained sequence was compared with data bases (AF235051), which showed a high homology with a short interspersed nuclear element (SINE) motif in many pig genes and with pig retrovirus type C (maximum homology 82%). Those homologies confirmed our initial hypothesis about the isolation of repetitive elements using nonspecific amplifications. Oligonucleotides used as primers for porcine-specific PCR were based on the sequence isolated. A 161-bp amplification product was obtained (Figure 1) . To confirm the effectiveness and the specificity of this fragment, it was Figure 1 . 161-bp PCR amplification. a 1, cattle; a 2, sheep, a 3, goat; a 4, chicken; a 5, turkey; a 6, pig; a 7, deer; a 8, rabbit; a 9, horse; a 10, negative control; a 11, 1-kb marker.
tested with 55 pig blood DNA samples, from nine different breeds and crosses, obtaining the 161-bp specific pig band. With 200 samples tested from other species, a positive amplification was not obtained (Table 1) .
The total amount of DNA and the percentage of pork in the samples are important variables to verify the sensitivity of this method. In this respect, Wintero et al. (1991) detected 0.5% pork in beef, Meyer et al. (1995) detected pork in heated beef mixtures at levels below 1% with a fragment of a cytochrome c cDNA with 30 to 35 amplification cycles, and Matsunaga et al. (1999) detected 250 pg of pork DNA using 35 amplification cycles. In porcine-bovine DNA mixtures, we detected up to 1.25 pg of porcine DNA in bovine DNA with 30 amplification cycles. This amount corresponds, in the porcine/bovine mixtures, to 0.005% porcine DNA in bovine DNA. With 25 and 20 amplification cycles, 0.1% porcine DNA in bovine DNA (25 pg) and 1% porcine DNA (250 pg), respectively, were detected (Figure 2 ). In the same way, in cooked and uncooked meat mixtures and pâ té mixtures, we found the same sensitivity, including mixtures autoclaved at 120°C for 30 min (Table  3 and Figure 2) .
In order to identify pork in a large number of both processed and unprocessed foods, specific pork PCR amplification was carried out (Table 2) . With this fragment, pork has been detected in mixtures treated at different temperatures, including autoclaved products (canned products). Some commercial products were analyzed that normally have pork in their composition: sausages, ham, salted ham, cured products, and pig fat; pork was detected in all cases. In hamburgers labeled as chicken, beef, or turkey, pork was detected in some cases. Hamburgers without labeling but sold as having 100% beef or chicken components showed that they all contained pork, which, apart from being fraudulent, entails a serious religious problem among Jewish and Arabic populations. Finally, pork, duck, goose, and pork-duck pâ té samples, both canned and bought by Figure 2 . Sensitivity of the technique with 30, 25, or 20 amplification cycles. Row 1, pork and beef mixtures heated at 120°C for 30 min; row 2, pork and duck pâté mixtures; row 3, pork and beef raw mixtures. 20 PCR cycles: a 1, 1% pork; a 2, 0.1% pork; a 3, 0.01% pork; a 4, 0.005% pork; a 5, 1-kb marker. 25 PCR cycles: a 6, 1% pork; a 7, 0.1% pork; a 8, 0.01% pork; a 9, 0.005% pork; a 10, 1-kb marker. 30 PCR cycles: a 11, 1% pork; a 12, 0.1% pork; a 13, 0.01% pork; a 14, 0.005% pork.
weight, were also analyzed. Pork was detected in pâ tés labeled as having pork by specific PCR amplification. Good-quality, high-priced duck pâ tés did not contain pork as a component. However, low-quality duck pâ tés included pork, which had not been specified on the label (Table 2 ).
In conclusion, specific PCR amplification of this fragment is a powerful technique for the identification of pork contamination, due to its simplicty, specificity, and sensitivity (with 30 amplification cycles we can detect 0.005% pork). Furthermore, it is a fast method, because 20 PCR cycles can detect 1% pork contamination in only a few hours, without a subsequent RFLP analysis.
However, further research would be needed in order to develop a quantitative method, because this simple PCR analysis is only partially quantitative. With respect to pork quantification, the cause of a positive result should be clarified according to whether it is due to adulteration of the product or inadequate handling during manufacture. Meyer et al. (1994) did not consider it desirable to have a detection limit below 0.1% pork. However, Jewish and Arabic populations would consider it desirable to have a detection limit as low as possible.
Implications
Identification of pork in products has several important applications in the food industry, not only to detect falsely labeled products but also for economic, religious, and health reasons. Therefore, we developed a simple and specific pig PCR, providing a powerful method to detect mislabeling or willful or fraudulent substitution. This is one of the most sensitive methods
